Motivation: Genome scale metabolic models (GSMMs) are increasingly impor-4 tant for systems biology and metabolic engineering research as they are capable of 5 simulating complex steady-state behaviour. Constraints based models of this form can 6 include thousands of reactions and metabolites, with many crucial pathways that only 7 1 become activated in specific simulation settings. However, despite their widespread 8 use, power and the availability of tools to aid with the construction and analysis of 9 large scale models, little methodology is suggested for the continued management of 10 curated large scale models. For example, when genome annotations are updated or new 11 understanding regarding behaviour of is discovered, models often need to be altered 12 to reflect this. This is quickly becoming an issue for industrial systems and synthetic 13 biotechnology applications, which require good quality reusable models integral to the 14 design, build and test cycle.
However, such tools often make it difficult to understand the design decisions made by the 48 initial model authors. 49 Furthermore, as with many areas of bioinformatic study the number available computa-50 tional tools has become vast. This covers huge variety of software platforms including the 51 COBRA toolbox for Matlab (12 ), ScrumPy and COBRApy in python (9 , 13 ) with addi-52 tional tools and libraries such as cameo (14 ), OptFlux in Java (15 ) and SurreyFBA (16 ).
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Figure 1: Conventional waterfall methodology for model development. Each process is considered to be an isolated aspect of model development.
Therefore, models undergo significant manual annotation and curation; a process which 115 has a high chance of error. In this work, we advocate a test-driven approach to model 116 development highlighted in Figure 2 . Here, the model is changed to achieve research goals 117 that are dynamic in response to the changes of a project. In order to meet this objective, In addition, projects are easy to export using portable standardised docker images (34 ), the 145 idea being to allow users to share models as quickly and easily as possible without concern 146 for custom system configurations. For example a mutant strain that has undergone several gene deletions is not sufficiently 
Development workflow 170
In this section we propose a method for the development of genome scale models that inte-171 grates gsmodutils with version control systems. Figure 3 highlights the notion of test cases, Figure 5 : Examples of gsmodutils design inheritance. Each design stores the delta between the wild-type base model, any parents and the changes to constraints the design contains. In the example presented above a heterologous production pathway is combined with a reusable set of knock-outs. In practice, ideally, these designs should relate to real constructs and strains evaluated by experiment.
taken from test-driven development. The outlined workflow is that the user writes a formal
